To gather information about cytomegalovirus (CMV) prevention and treatment practices in bone marrow transplantation (BMT) in Canada. DESIGN: A questionnaire was mailed to all centres across Canada performing BMT in January 1998. A second mailing was sent three months later. POPULATION STUDIED: Data on 15 centres performing allogeneic BMT (total patients 459) and 16 centres (total patients 703) performing autologous BMT were obtained. RESULTS: For allogeneic BMT, all donors and recipients had pretransplant CMV serology performed. Nine centres gave CMV-negative blood to only donor-negative/recipient-negative patients, four centres to all patients and two centres to other subgroups. All allogeneic BMT centres had a strategy for CMV prevention. Three centres used universal ganciclovir prophylaxis, while 12 centres used some form of pre-emptive ganciclovir therapy based on weekly antigenemia assays (four centres), weekly polymerase chain reaction (two centres), CMV blood cultures (one centre), CMV throat and urine cultures (one centre), CMV screening bronchoscopy (two centres), or a combination of antigenemia plus bronchoscopy (two centres). The dose and duration of pre-emptive ganciclovir varied considerably from centre to centre. In addition, many centres used high dose acyclovir universally for a variable period of time post-BMT. For the treatment of CMV pneumonia, 14 centres used ganciclovir plus immunoglobulin (IG) and one centre used ganciclovir alone. Ganciclovir treatment duration ranged from two to 11 weeks and the number of doses of IG from three to 18. Thirteen of 16 autologous BMT centres screened patients for CMV pretransplant. Ten centres used CMV negative blood for some or all of their patients. Only one centre performed routine CMV monitoring after autologous BMT. CONCLUSIONS: Practices for the prevention of CMV disease in BMT patients differ widely across centres, and further data may assist in developing a consensus regarding the optimal approach to CMV management.
I
nfections caused by cytomegalovirus (CMV) remain a major cause of morbidity in patients undergoing allogeneic bone marrow (BMT) or peripheral blood stem cell (PBSC) transplantation (1, 2) . The most common manifestations of active CMV disease in these patients include CMV pneumonitis and gastrointestinal (GI) disease, the former being associated with a high mortality rate despite aggressive treatment with ganciclovir and immunoglobulin (3, 4) . CMV seropositive recipients of autologous grafts have been recognized to be at risk for developing serious CMV disease, although at a lower rate than allogeneic transplant recipients (5, 6) .
Significant advances in the management of CMV infection and disease have been made in recent years. These have included the development of more sensitive and rapid diagnostic tests for the detection of CMV, and improved regimens for the treatment and prevention of active CMV disease, both of which have been incorporated into a variety of prophylactic and preemptive strategies (7, 8) . Universal prophylaxis involves the administration of antiviral therapy to all BMT recipients at risk of developing CMV disease. Pre-emptive strategies involve monitoring patients for evidence of CMV reactivation followed by the subsequent administration of 'pre-emptive' therapy before the development of symptoms (7) (8) (9) (10) .
Given the rapidly evolving nature of this field, it is important to determine current clinical practices to help guide further research to gather data that will help optimize clinical care. To evaluate the current practices in Canada regarding the approach to CMV infection and disease after allogeneic and autologous BMT, we performed a Canada-wide survey of all institutions performing BMT, with questions focusing on CMV screening, prevention and treatment.
MATERIALS AND METHODS
A questionnaire was mailed to all autologous and allogeneic BMT transplant centres across Canada (date of first mailing January 1998) to obtain a snapshot of current practice patterns. A listing of centres was obtained from the Canadian Marrow Transplantation Registry in Ottawa, Ontario. Questionnaires were addressed to the head of the BMT program at each of the centres. The survey consisted of a two-page questionnaire requiring respondents to check the appropriate box or fill out short answers. Questions regarding CMV screening, prophylaxis, pre-emptive strategies, laboratory methodology and therapeutic regimens for patients undergoing allogeneic and autologous bone marrow or PBSC transplantation were included. A second mailing, approximately three months after the first, was used to elicit responses from those who did not reply initially. All statistical analysis was performed using SPSS version 7.5 (SPSS Inc, Chicago, Illinois).
RESULTS
Of the 20 centres listed in the Canadian Registry, all but two replied. Two centres performed only allogeneic transplants, three performed only autologous transplants and 13 performed both. According to the registry, the two centres that did not reply performed a total of 54 allogeneic transplants and 34 autologous transplants per year. Allogeneic transplantation: Data on 15 centres performing allogeneic transplants were obtained. These centres perform a total of 347 bone marrow transplants and 111 PBSC transplants/year (total 458 transplants/year). On average, 349 procedures are related donor transplants and 109 are unrelated donor transplants. CMV screening and blood products management: All donors and recipients had pretransplant CMV serology performed . The rates of CMV-positive recipients ranged from 15% to 70% (median 50%) and CMV-positive donors from 20% to 70% (median 50%). The type of serological assay used for screening patients, donors and blood products was not collected in the survey. For transfusion requirements, all centres screened blood products for CMV. Nine centres reserved CMV-negative blood products only for donor-negative/recipient-negative patients; four centres used CMV-negative blood products in all patients, while two centres reported using CMV-negative products only if the donor or recipient were CMV seropositive. Three centres routinely used leukocyte filters in all patients, while two centres used them only when CMV-negative blood was unavailable for donor-negative/recipient-negative transplant patients. CMV prevention strategies: All centres performing allogeneic transplantation had some form of CMV prevention strategy (Table 1) . Prevention strategies differed considerably from centre to centre, with only two centres sharing the same protocol. Three centres used some form of universal ganciclovir prophylaxis (two of these centres used prophylaxis all patients in certain high risk subgroups) while the remaining 12 centres used various forms of pre-emptive therapy. No two pre-emptive strategies were the same. The virological techniques used to guide pre-emptive therapy included weekly antigenemia assay alone (four centres), weekly CMV polmerase chain reaction (PCR) (two centres), CMV blood cultures (one centre), CMV throat/urine cultures (one centre), screening bronchoscopy (two centres), or a combination of antigenemia plus a screening bronchoscopy (two centres). Pre-emptive screening started from eight days pretransplant to 35 days after transplant. Screening ended from four weeks to six months after transplant. At all centres, ganciclovir (Cytovene, Hoffmann-La Roche Limited, Mississauga, Ontario) was the drug employed for pre-emptive therapy. However, the dose, timing and duration of therapy varied across all centres. In addition, four of the centres using a pre-emptive strategy also gave universal high dose acyclovir for CMV prophylaxis. Again, the timing, dose, duration and route of administration differed among all of these centres. Treatment of CMV disease: Ganciclovir was uniformly reported as the drug of choice for initial treatment of CMV disease. Induction doses of either 2.5 mg/kg every 8 h (three centres) or 5 mg/kg every 12 h (12 centres) were reported. Total duration of ganciclovir therapy (induction plus maintenance) varied from two weeks to longer than 10 weeks. Of 14 centres using adjunctive immunoglobulin as therapy for pneumonitis, 10 centres used regular intravenous immunoglobulin (IVIG) (majority used 0.5 g/kg/dose), three used CMV hyperimmune globulin (CMVIG) (doses ranged from 200 to 400 mg/kg/dose), and one centre reported using either preparation. One centre reported using ganciclovir alone for treatment of CMV pneumonitis. The dosing schedule of IVIG or CMVIG varied considerably, with the total number of doses ranging from three to 18 spread over one to 11 weeks. For treatment of GI disease, centres reported using ganciclovir at the same dosing schedule as for pneumonitis, with only two centres using adjunctive immunoglobulin therapy. Autologous transplantation: Data were gathered from 16 centres performing autologous transplantation. This included a total of 159 bone marrow transplants and 544 PBSC transplants/year (total 703 transplants/year). The mean number of transplants at each centre was 34.6. CMV screening and blood products: Pretransplant CMV serology was performed at 13 of 16 autologous transplantation centres with 5% to 70% of patients reported as CMV positive (median 50%). CMV-negative blood products were used at 10 of 16 centres and were given to all patients (two centres), only CMV-negative patients (seven centres) or only CMV-positive patients (one centre). Leukocyte filters were used by six of 16 centres for all patients (two centres), CMV-negative patients when negative blood products were not available (two centres), CMV-positive patients (one centre) and not stated (one centre). CMV prevention and treatment: Only one centre performed routine CMV monitoring postautologous BMT. Treatment protocols for CMV pneumonitis and GI disease were generally similar to allogeneic protocols, with many centres not having a specific protocol for autologous transplant patients.
DISCUSSION
There is a great deal of literature on the prevention and treatment of CMV infection and disease especially in allogeneic BMT patients. This includes new therapeutic and preventative strategies as well as evaluations of recent advances in rapid and early detection of CMV using tests such as the CMV antigenemia assay or polymerase chain reaction (7, 8) . Many of these published studies are uncontrolled and/or assess relatively small numbers of patients. The impact of these recent advances upon current clinical practice is unknown. The present study is the first to assess current practices with regards to CMV prevention and treatment at Canadian transplant centres. We demonstrate considerable variability in the approach to CMV among the different transplant centres.
Pretransplant CMV donor and recipient serology were performed at all allogeneic transplant centres. Such screening is extremely helpful in identifying those most at risk of CMV. The highest risk for CMV disease occurs in the CMV-seropositive recipient (11) . The donor-negative/recipient-negative subgroup of patients has a very low rate of CMV disease if given CMV-negative blood products (12) . The majority of centres reported using CMV-negative blood products in this group of patients or in all patients. The use of CMV-negative blood products has been shown to be effective only in the donornegative/ recipient-negative subgroup of patients (12, 13) . CMV disease occurs at a much lower rate in autograft recipients. However, in one study, five of 88 (5.7%) seronegative autograft recipients receiving unscreened blood products developed CMV pneumonitis (14) . Therefore, it would seem prudent that CMV-negative recipients of autografts should receive CMV-negative blood products (15) . Six autologous and six allogeneic centres also used leukocyte filters either routinely or when CMV-negative blood products were unavailable. Because the leukocyte fraction is assumed to be the site of latent CMV, the use of filters in donor-negative/recipient-negative allogeneic transplants and recipient-negative autologous transplants is also likely to reduce the risk of CMV disease (16) .
There are two clinical strategies that may be employed for the prevention of CMV disease postallogeneic BMT: universal prophylactic therapy and selective pre-emptive therapy (7, 8) . Three centres reported using universal prophylaxis. Although this usually involves the administration of intravenous ganciclovir to all patients who are seropositive or who receive marrow from a seropositive donor, two centres restricted therapy further to mismatched or unrelated donors. Universal ganciclovir prophylaxis has been shown to decrease the incidence of CMV infection and active CMV disease compared with placebo, but differences in overall mortality have not been consistently demonstrated (17, 18) . This may be due to an increase in neutropenia and bacterial infections secondary to the toxicity of ganciclovir. Universal ganciclovir prophylaxis administration to all patients at risk of CMV disease is relatively costly, results in the administration of a potentially toxic medication to a large number of patients and may increase the risk for antiviral resistance.
The majority of centres reported using some form of preemptive therapy in which patients received ganciclovir based on laboratory evidence of CMV reactivation before the development of symptoms or end organ disease. This strategy has the advantage of selecting patients who are at highest risk of developing CMV disease and targeting them to receive antiviral therapy. Which strategy for CMV prevention is the most effective in preventing CMV disease is not known. Given the use of different diagnostic tests, disease definitions and the retrospective nature of such information, we did not collect data on CMV disease rates at each centre. We did not feel that a comparison of disease rates at the different institutions would provide an accurate assessment of the relative efficacy of different strategies. This information is best determined by welldesigned, controlled clinical trials.
To date, published studies evaluating various pre-emptive strategies have differed in the monitoring test(s) used to identify patients at highest risk and in the therapy instituted preemptively (dose, duration, etc). Schmidt et al (19) demonstrated that a pre-emptive strategy based on a day 35 post-BMT surveillance bronchoscopy reduced mortality and CMV pneumonitis. Similarly, Goodrich et al (20) demonstrated a reduction in the incidence of active CMV disease when ganciclovir was administered to patients who excreted virus in blood, urine, throat washings or bronchoavelolar lavage fluid. In a trial comparing antigenemia guided pre-emptive therapy versus universal prophylaxis, the latter strategy was associated with a lower rate of CMV disease but an increase in invasive fungal infections (9) . Randomized controlled trials comparing different pre-emptive strategies are limited (10) , and the optimal strategy is unknown. Therefore, it is not surprising that a consensus does not exist.
Combination treatment with ganciclovir and immunoglobulin was the most commonly employed therapy for CMV pneumonitis. The evidence suggesting a benefit to use of immunoglobulin as an adjunct to ganciclovir is not based on randomized controlled trials, but rather on studies comparing outcomes to historical controls (3, 4) . Therefore, improvements in mortality may in part be due to advances in early recognition and diagnosis. Despite the nature of the current evidence, the use of this combination seems logical in the face of extremely poor outcomes. Across Canada, dosing schedule and duration of ganciclovir plus immunoglobulin therapy varied widely from centre to centre. No evidence exists to support the use of adjunctive immunoglobulin for the therapy of GI disease (21) . This in keeping with current clinical practice in most Canadian centres. The probability of developing CMV disease is significantly lower in autologous versus allogeneic BMT patients but may still occur in 4% to 9% of CMV-seropositive autologous transplant patients (5, 6) . Risk factors and predictors for CMV disease have not been well defined in this population. Boeckh et al (6) demonstrated that 38.8% of seropositive autologous BMT or PBSC recipients had a positive CMV antigenemia after transplant, but only two of these patients developed CMV pneumonitis. An evaluation of CMV PCR after autologous transplantation demonstrated a 100% negative predictive value but only a 2.5% positive predictive value for the development of CMV disease (22) . There have been no reports of effective preventative strategies for CMV disease in seropositive autograft recipients, and routine monitoring for CMV is of uncertain benefit in this group. Many centres noted that CMV disease in autograft recipients was rare or that it had not been seen at their institution.
CONCLUSIONS
This survey shows that CMV prevention and treatment practices vary widely across different centres in Canada. This is especially true for allogeneic BMT and PBSC transplants in whom CMV infection and disease remains an important problem. A published survey of European centres also demonstrated major differences in the approach to CMV, although details regarding dose and duration of prophylactic, pre-emptive or therapeutic medications were not provided (23) . Future improvements in the management of CMV-related problems in this patient group requires well designed, randomized controlled clinical trials that focus on a comparison of different prevention strategies with an analysis of both clinical efficacy and cost effectiveness, a comparison of different therapeutic regimens for active CMV disease and trials assessing new antiviral agents. Improved diagnostic test methodology and standardized definitions would also be important steps towards developing guidelines.
